Continuous Electrodeionization (CEDI) is beginning to be used widely to water treatment systems for the microelectronics, pharmaceutical and power generation industries. The recent microelectronics field requires ultrapure water (UPW) at very low concentration of silica and boron. Whereas, it is difficult to remove such weakly ionized substances up to the required level by conventional CEDI. We have developed a new CEDI, which makes it possible to produce high quality water with silica and boron concentrations below sub ppb level. This paper provides the mechanism of this new technology and performance characteristics of the CEDI module using this technology.
Introduction
The recent microelectronics field including large scale integrated circuit (LSI) and liquid crystal display (LCD) manufacturing requires higher quality UPW, as well as reductions in cost, chemicals and wastewater. In the LSI fields, silica and boron are important parameters to be controlled. They are controlled to under ppb levels in advanced UPW systems. [1] CEDI, an Electrodeionization process combining the use of ion exchange resins and ion exchange membranes, is widely being used instead of chemically regenerated ion exchanger, because of reduced chemical for regeneration of ion exchange resins, less hard work, and improved in reliability. One of the problems of CEDI when applying CEDI to the ultrapure water systems for semiconductor industries is insufficient removal of weakly ionized substances such as silica and boron.
The process for removal of silica and boron by CEDI is well known. These substances must be ionized in dilute compartments, as follows. [2] Si02+OH•¨HSi03 (pKa=9.86)
where pKa (equilibrium constant) is called dissociation constant of the weak acid . In order to ionize silica and boron, and remove them effectively, the conventional CEDI requires pH adjustment for feed water by chemical addition and/or raising water splitting by increasing DC current. In this way, the system could remove silica and boron only by 75% to 99% and 50% to 96%, respectively. It is difficult to achieve required levels of silica and boron by the system. Furthermore, in the case of pH adjustment of feed water, there is a possibility of scale precipitation in the reject compartment.
We have done advance research for the purpose of solving this subject, and developed the new CEDI module, especially for the microelectronics field. Figure 1 shows the concept of CEDI-UP system. The 1 St module has the function to selectively separate ions in feed water. Inside the dilute module is alkalized and removes weakly ionized substances effectively. The 2nd module is installed to improve purity and remove residual silica and boron. The characteristic of each module is described below. In order to examine the removal of weakly ionized substances, different sets of examination were performed, varying cell thickness, resins, structures of module design, feed water conditions, and operating conditions. A unique phenomenon was observed when the cell thickness was increased during our basic experiment. Figure 2 shows the effect of cell thickness on product quality and silica leakage ratio. It is well known that the thick cell CEDI filled with mixed bed (MB) resin in dilute compartment does not improve product resistivity. [4] However, it was found that main remaining ion in the product water is NaOH. As a result, product water becomes alkaline, and then product resistivity was not improved. On the other hand, the removal of silica by thick MB cell is better than with thin cells. This pH shifting to alkaline in the dilute compartment makes silica ionized and easily transferred to the concentrate compartment. Conversely, the reject water becomes acidic, which is effective in preventing calcium scale precipitation, unlike the case where alkali soda is added to the feed water.
We established the mechanism of such a phenomenon as follows: The main anion and cation in the feed water of CEDI is the chloride and sodium ion, respectively. The chloride ion is easier to move into reject compartment than the sodium ion, because of higher mobility. [5] The hydrogen ion generated by water splitting carries an electric charge with the highest mobility. An alkalized zone is maintained in the dilute compartment by the remaining sodium ion.
Therefore, silica is easy to dissociate into silicate ion in the dilute compartment.
We used this thick-cell module as the 1st module of CEDI-UP. Alkaline product water from the 1 st module also helps to remove weakly ionized Vol.14 Supplement (2003) substances in the 2nd module.
Honeycomb-cell Module (2nd Module)
We focused on the water flow in the dilute compartment, which has a big influence on performance, and tried to develop a high flow CEDI module for the purpose of removing NaOH and residual silica and boron in the 1st module product water. The typical CEDI dilute compartment contains longitudinal ribs that divide an open central section of the spacer into sub compartments in order to bond membranes and retain ion exchange resin. [6] The original designed cell, which is called the honeycomb cell (Fig.3b) , is divided into multiple sub compartments of hexagon form. [7] Ion exchange resin would be filled in the respective honeycomb. The inclined portion is made of mesh, which allows permeation of water, and prevents ion exchange resin from passing through. The supporting portion of the mesh does not allow permeation of water and ion exchange resin. Therefore, at least a part of the water flowing into the dilute compartment should flow obliquely relative to the normal flow direction of water (Fig.3c) , so that water is dispersed throughout the dilute compartment. This is also expected to prevent formation of the laminar flow along the membrane by the eddy flow. A further advantage of the honeycomb cell is that the type and/or ratio of the resin filled in each honeycomb portion would be easily designed with respect to the raw water qualities or target product water qualities. We used the honeycomb-cell module as the 2nd module of CEDI-UP. 
